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ABSTRACT 


A model study of the proposed channel improvements for flood control 
in the San Tomas Aquino and Saratoga Creeks was conducted to check the 
proposed hydraulic design and to determine any needed modifications where 
unsatisfactory conditions were disclosed by the model. 

The proposed design incorporated a drop structure below the confluence 
basin and a stilling basin below the drop structure. It was found that 
energy dissipation in the stilling basin was inadequate at 2300 and 2500 cfs 
(25-28$ of design flow) and that the stability of the hydraulic jump was 
poor when the tailwater was lowered at the design flow rate of 6400 cfs. 

These adverse conditions were significantly improved by placing a 
weir on top of the drop structure and an end sill about 100 feet downstream 
from it. 

It was also found that waves were generated by the transition section 
at the end of the stilling basin. Since this section has already been con¬ 
structed, the most feasible action is to employ riprap to protect the sides 
of the unlined channel. 

ACKNOWLEDGMENT 

The author gratefully acknowledges the assistance provided by 
Robert A. George, Project Engineer, and by other members of the staff of 
the Santa Clara County Flood Control and Water District. He also wishes 
to thank David Robertson, senior civil engineering student, for designing 
the model and executing the test program, Frank Piggott for constructing 
the model, and Michael Boudreau and Gloria Usher for their assistance in 
preparing this report. 



CONTENTS 


Introduction 
The Model 

Instrumentation and Test Procedure 
Results of Tests on the Original Design 
Design Modifications and Test Results 
Final Tests 
Recommendat ions 


Drawings and Photographs 



INTRODUCTION 


The project for which this model study was undertaken is the channel 
improvement at the confluence of the San Tomas Aquino Creek and the 
Saratoga Creek. The confluence occurs approximately 270 feet upstream 
from the Monroe Street bridge that crosses San Tomas Creek. The chan¬ 
nel is already lined in the vicinity of the bridge; so the project ex¬ 
tends from STA. 183 + 04*62 to STA. 185 + 52.33 of San Tomas Aquino Unit 
V. It also includes the transition section at the outfall of Saratoga 
Creek. 

The proposed design is shown in Figs. 1 and 2. Below STA. 181 + 35*02 
the channel is unlined; above STA. 185 + 52.33 the channel is to be lined 
as part of another project. Saratoga Creek is unlined. Existing lining 
and lining to be placed is portland-cement concrete. 

The project is located in a residential area; thus the protection of 
life and property is of paramount importance. Because of the uncertainty 
in the available analytical methods for the hydraulic design of a confluence 
with supercritical flow and a large angle of convergence, a model study of 
the proposed design was deemed advisable. 

The following objectives were established: 

1) Verify the adequacy of the proposed design for 
all reasonable combinations of flow in the two 
channels. 

2) Propose and test modifications of the design to 
correct any defects that might be discovered. 
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3) Propose and test modifications which might reduce 
the cost of construction. 

4) Obtain water surface profiles for the final design. 

The design flow rate for the project is 6400 cfs (2800 in San Tomas 
Creek and 3600 in Saratoga Creek). This flow was the predicted value for 
a 100 year flood. A revised prediction indicated the possibility of 
7500 cfs (3500 in San Tomas Creek and 4000 in Saratoga Creek). The 
6400 cfs value was kept as the design flow, but the model was tested up 
to 7500 cfs. 

Analysis of the design indicated that a uniform flow could be anti¬ 
's- 

cipated in the Saratoga Creek, and an M2 type surface profile could be 
anticipated upstream from the confluence in the San Tomas Creek. A 
control (critical depth) occurs at the outfall of Saratoga Creek, and a 
control should exist near STA. 185 + 53 on San Tomas Creek if it isn T t 
drowned out by the flow from Saratoga Creek. From the confluence to the 
drop structure at STA. 184 + 41*38 the flow will be supercritical, and a 
hydraulic jump should form below the drop structure, followed by an Ml 
type surface profile to join the uniform flow in the unlined channel be¬ 
low STA. 181 + 35. The model was designed and tested on the assumption 
that this general description of the flow would be realized. 

The critical item in the above description is the existance of uni¬ 
form flow in the lower reach of San Tomas Creek, for this determines the 
tailwater depth. A weir at STA. 170 + 35 insures the existance of this 
condition for the design flow. 

* 

V, T. Chow, "Open-Channel Hydraulics", McGraw-Hill, 1959. 
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THE MODEL 

Essentially this is a study of the performance of a stilling basin. 
Experience has shown that such studies can be performed in accordance 
with the Froude Law and with undistorted models, provided the scale is 
large enough to eliminate such extraneous effects as viscous and sur- 
face tension forces. A 1:30 scale was adopted, for it fulfills this 
requirement and is compatible with the laboratory capabilities. The 
corresponding depth, velocity, and flow rate ratios are obtained by 
equating the Froude numbers of the prototype and model. 

y p^ y m - 3 ^ 

V p /V m . 3 oi = 5.48 

V^m = 30 = ^950 

Complete similarity requires that the surface roughness as well as the 
overall geometry of the structure be modeled. This is obviously im¬ 
possible; but an equivalent effect can be achieved if the Manning n is 
modeled, based on its dimension of length to the one-sixth power. The 
roughness coefficient ratio should then be 

rip/r^ = 30 = 1.764 

The value of n used in design calculations for the lined channels is 
0.015. The corresponding value for the model would be 0.0085. This 
would require that the model be built of lucite which was not economically 
feasible for this study. An alternative would be to distort the slope of 

"Hydraulic Models", American Society of Civil Engineers, 1942. 
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the model; but the amount of distortion would depend on the value of n 
actually achieved in the model, and this could only be determined by 
extensive verification tests with a variable slope model. This was not 
economically feasible either. 

Rather than guess at the proper distortion, it was decided that an 

undistorted model should be built and made as smooth as possible. The 

fact that the roughness coefficient is not modeled can be taken into 

account in interpreting the results. This decision is further supported 

by the fact that changes of specific energy produced by the drop structures, 

the hydraulic jump, and the turbulence in the confluence basin are large 

compared with the changes produced by surface roughness. The influence of 

* 

surface roughness should therefore be negligible in this study. 

With controls normally existing at the entrances to the confluence 
basin, the only requirements for the flows entering the model were that 
they be subcritical and of controllable magnitude. This was achieved with 
short reaches of channel upstream from the confluence, forebay tanks, and 
well flared entrance sections. The entrance section for the San Tomas Creek 
is shown in Fig, 6. The entrance for the Saratoga Creek is similar. The 
forebay tanks were supplied from 4 inch pipes connected to the laboratory*s 
constant head tank. Gate valves provided flow control, and rock baffles in 
the forebay tanks were very effective stilling devices. 

-a- 

The value of n for the unlined channel downstream from the project is 
vitally important in determining the tailwater depth, but this reach of 
channel is not included in the model. 
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At the downstream end of the model a short reach of trapezoidal 
section was required in which to establish and measure normal depth for 
the unlined reach of channel. The depth was controlled by a series of 
adjustable screens transverse to the channel. The depth was measured 
by a point gauge at STA. 180 + 99* The installation can be seen in 
Fig. 11. 

The model extended from STA. 180 + 15 to STA, 186 + 42 and included 
144.5 feet of the Saratoga Creek measured from its outfall. It was con¬ 
structed with a 5^8 inch plywood base set on 2 x 2 and 2x4 cross members 
spaced not more than 16 inches apart. These were supported by a heavy 
angle iron framework and shimmed to give the proper elevations and slopes. 
The angle irons were excessively heavy but they were available from sur¬ 
plus stock and had the advantage of insuring that slopes would not change 
when the model was loaded with water. 

The sides of the model were built with 3/8 inch plywood supported on 
a system of knees and 1x2 stringers. It would have been better if 
5/8 inch plywood had been used without stringers, for warping of the 
stringers created some construction problems. The transition sections 
were formed from horizontally laminated 3/4 inch sugar pine. Various 
stages of construction are shown in Figs. 3-6. 

The model was coated with fiberglas resin to provide a smooth sealed 
surface. It was then painted with a gray epoxy paint to give good photo¬ 
graphic characteristics. Extra freeboard was provided on the model; so a 
dark band was painted along the top of the walls to indicate the wall 
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height of the prototype. 

It will be noted that the model was built as a mirror image of the 
prototype. This was done to make the best use of available floor space 
in the laboratory. 


INSTRUMENTATION AND TEST PROCEDURE 

The measurements required in this study were measurements of flow 
rate and depth. A sharp crested rectangular weir was installed downstream 
from the model in the return channel of the laboratory. Its crest was 
12 inches above the bottom of the channel and it was 23-9/16 inches broad. 

It is shown in Fig. 7 together with the 3/U inch pipe that provided ven¬ 
tilation. A rock baffle upstream from the weir provided stilling action, 
and the head on the weir was measured with a point gauge 33 inches up¬ 
stream from the weir. Maximum and minimum heads were 0.353 feet and 
0.088 feet respectively. 

Flow rates were computed from head measurements using Rehbock*s formula 
for the weir coefficient. At approximately 0.5, 1.0 and 1.5 cfs the flow 
was checked by taking velocity grids with a current meter. These measure¬ 
ments indicated that the Rehbock coefficient was low by 7.1$ at 1.5 cfs, 
low by 0.9$ at 1.0 cfs, and high by 3»2$ at 0.5 cfs. Since the reliability 
of this calibration was questionable (the velocities were not steady), and 
since the time schedule did not allow for more extensive calibrations, it 
was decided that the Rehbock coefficient should be used for the study. It 
should be noted that this is a conservative decision, for at high flow rates 
the actual flow in the model will be greater than that reported if the trend 
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of the current meter calibration is correct. 

With controls at the entrances to the confluence basin, a unique 
relationship exists between the flow rate and water surface elevation in 
the forebav tank of each creek. A hook gauge was installed in each fore- 
bav tank, and this relationship was determined experimentally for each 
creek. In operating the model the flow rate in each creek was set by ad¬ 
justing the gate valves in the input pipes until the proper water surface 
elevations were achieved in the forebay tanks. The sum of the two flows 
was checked with the weir. It was found that whenever the proportion of 
the design flow in the Saratoga Creek exceeded the proportion of design 
flow in the San Tomas Creek, the control in the San Tomas Creek was drowned 
out. Under these conditions the flow in the San Tomas Creek was always set 
first. 

For each flow rate tested the normal depth in the unlined reach of 
San Tomas Creek was computed from Manning’s equation using the design 
value of n, 0.030. By adjusting the screens at the end of the model, the 
equivalent depth was established at the gauging station. The flow char¬ 
acteristics in the model were then noted and photographs were taken. 

Because of the inevitable uncertainty in the value of n, the tailwater 
depth was gradually lowered for a series of representative flow rates until 
a condition of ’’washout" was judged to exist. Such a condition is shown in 
Fig. 8. The depth of the flow at the gauging station was then recorded. 

The reduction of tailwater depth before washout provides a measure of the 
stability of the hydraulic jump and of the tolerance that can be allowed 


in the value of n, 
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RESULTS OF TESTS ON THE ORIGINAL DESIGN 

The original design was tested at the flow rates given in the follow¬ 
ing table. 


San Tomas 

C 

cfs 

Saratoga 

D 

cfs 

Combined Flow 

G 

cfs 

Condition 

3500 

4000 

7500 

100 yr. flood 

2800 

3600 

6400 

Design flow 

fT 

2700 

5500 

1:3/4 of des. flow 

ft 

1800 

4600 

1:1/2 

2100 

3600 

5700 

3/4:1 

tt 

2700 

4800 

3/4:3/4 

?! 

1800 

3900 

3/4:1/2 

1? 

900 

3000 

3/4:1/4 

1400 

3600 

5000 

1/2:1 

ft 

2700 

4100 

1/2:3/4 

tl 

1800 

3200 

1/2:1/2 

?! 

900 

2300 

1/2:1/4 

700 

2700 

3400 

1/4:3/4 

If 

1800 

2500 

1/4:1/2 

ff 

900 

1600 

1/4:1/4 

?! 

0 

700 

1/4:0 

0 

900 

900 

0:1/4 


For most flow conditions the design appeared satisfactory, but in a few 
cases some remedial action was indicated. The most unsatisfactory condition 
existed at flow rates of 2300 and 2500 cfs. The hydraulic jump formed pro¬ 
perly in only half of the channel. On the west side the jump was undular, 
and the waves thus generated would travel far downstream. This condition 
is shown in Fig. 9» 

At 7500 cfs the downstream water surface was rough and waves overtopped 
the sides of both the rectangular and transition sections of channel (Fig. 11). 
The stability of the jump was quite poor, for the tailwater depth could be 
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lowered by only 7.9^ before "washout" would occur. This corresponded to 
an n value of 0.026. 

For all flow rates waves were generated at the downstream corners of 
the transition to the unlined channel. The effect was especially pro¬ 
nounced in the higher range of flows. Fig. 12 shows such a wave being 
formed at the design flow of 6400 cfs. Occasionally these waves over¬ 
topped the sides of the transition section at this flow rate. 

The cause of this wave generation is undoubtedly a transition section 
that is too short. Nothing can be done to eliminate this situation, for 
the transition section has already been constructed; but fortunately the 
pround level at this section is above the walls of the transition section. 
Riprap should be used to protect the earthen channel. 

DESIGN MODIFICATIONS AND TEST RESULTS 

To improve the hydraulic jump in the 2500 cfs flow rate range, baffle 
piers were installed downstream from the drop structure. These were tried 
in various sizes and arrangements, but no combination was very satisfactory. 
Piers placed on the west side of the channel slightly upstream from the jump 
did create a normal, rather than an undular, jump; but at flow rates other 
than 2500 cfs a rough downstream water surface was produced. This type of 
modification was therefore rejected. 

A weir to be placed on top of the drop structure in the San Tomas Creek 
was designed by R. A. George, Project Engineer. Its cross-section is shown 
in Fig. 16. Flow at 2500 cfs with this weir installed is shown in Fig. 13. 
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At all flow rates tested its performance was very satisfactory, except 
that the stability against "washout" was poor in the low flow rate range. 
Specifically, at 1600 cfs the tailwater could only be lowered 10.7$. This 
corresponds to an n value of 0.025. 

The weir, of course, produced subcritical flow in the stilling basin, 
but the control at the Saratoga Creek outfall was never drowned out and the 
M2 type of surface profile in the San Tomas Creek never shifted to an Ml 
curve. Normal flow condtions upstream from the confluence were therefore 
not disturbed. 

To improve stability, an end sill for the stilling basin was installed. 
Its cross-section is shown in Fig. 17. It was located 104 feet downstream 
from the drop structure, but this dimension is not critical. Performance 
with this end sill was excellent. A stable jump formed at the base of the 
drop structure, and a weak jump formed at the base of the sill. The down¬ 
stream water surface was very smooth except at high flow rates, and even 
then it was quite acceptable. Stability was excellent as will be described 
subsequently. Within the stilling basin, i.e., between the drop structure 
and the end sill, waves overtopped the walls at 6400 and 7500 cfs. The end 
sill was also tested without the weir on the drop structure. Its performance 
was satisfactory, but not as good as with the weir. 

The final modification to the original design was prompted by economic 
considerations. The warped transition section at the entrance of the 
San Tcmas Greek to the confluence basin appeared to have little value. It 
was therefore replaced by plane surfaces as shown in Fig. 18. Fig. 14 is a 
photograph of the final design. 
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The hydraulic effect of this modification was to direct more of the 
flow to the east side of the channel and to set up a swirl in the con¬ 
fluence basin. The increased flow on the east side of the channel caused 
the mean water surface on the east side of the stilling basin to overtop 
the walls by 0.6 feet at 7500 cfs. At the design flow of 6400 cfs waves 
overtopped the walls of the stilling basin, but they did this with the 
warped transition too. 

The swirl in the confluence basin produced a backflow on the west side. 

Silt and gravel will no doubt be deposited, thus creating a maintenance 
problem. This condition may have existed with the warped transition, but 

V 

it was not specifically noted. If it existed, it was much less pronounced. 

At low flow rates the confluence of the two streams was quite smooth 
with a small hydraulic jump at the base of the Saratoga Creek outfall. With 
increasing flow rates a complex pattern of standing waves developed and the 
flow welled up on the east wall of the confluence basin. At 7500 cfs only 
0,6 feet of freeboard remained. A very strong eddy existed at the lower 
end of the hydraulic jump at the base of the Saratoga Creek outfall. There 
was no effect on the performance of the stilling basin except as already 
noted; there was no effect whatsoever downstream from the stilling basin. 

The flow pattern in the confluence basin at 6400 cfs can be seen in Fig. 20. 

FINAL TESTS 

Formal tests of the final design were made for balanced flow rates only. 
However, in the process of setting up these flows unbalanced flows were ob¬ 
served transiently and no unsatisfactory conditions were noted. Furthermore, 
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experience had shown that unbalanced flows made no difference in the 
performance of the stilling basin; only the magnitude of the combined 
flow was significant. 

The results of washout tests are given in the following table: 


Flow 

Tailwater 

Reduction 

Manning’s 

n 

cfs 

% 


7500 

20.2 

0.0197 

6400 

21.8 


4300 

23.8 


3200 

21.0 


1600 

19.4 

0.0206 


In these tests, "washout” consisted of the weak jump at the base of the 
end sill moving downstream and becoming undular. The primary jump in 
the stilling basin remained stable’ 

This high degree of stability suggested that the height of the end 
sill might be reduced to eliminate the need for increasing the height of 
the side walls of the stilling basin. It was felt that to be effective 
in achieving this objective the height of the end sill would have to be 
reduced by a factor of two. When this was tried, the results were very 
unsatisfactory. The primary jump would not form naturally in the stilling 
basin, and the end sill acted as a flip bucket producing severe wave action 
downstream. It can be concluded that the height of the end sill should not 
be reduced without additional model tests to determine the limit of stability. 
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The excellent improvement in the performance of the stilling basin 
for the 2300 to 2500 cfs flow range can be thoroughly appreciated by 
comparing Figs 9 and 10. Photographs of the water surface profiles for 
2500 cfs and 6400 cfs are shown in Figs. 20-24* A plot of water surface 
profiles measured along the center lines of the channels is given in 
Fig. 26. Fig. 25 shows that the generation of waves at the downstream 
corners of the transition to the unlined channel persists in the final 
design. 


RECOMMENDATIONS 

Based on the tests performed in this study, the following recommenda- 
t ions are made: 

1. A weir, as proposed in the original design, should be con¬ 
structed on top of the drop structure at the outfall of the 
Saratoga Creek. Its cross-section is shown in Fig. 15. 

2. A weir having the cross-section shown in Fig. 16 should be 
constructed on top of the drop structure in the San Tomas 
Creek. 

3. An end sill having the cross-section shown in Fig. 17 should 
be constructed approximately 100 feet downstream from the 
drop structure in the San Tomas Creek. Its crest could un¬ 
doubtedly be flattened in conformance with normal construction 
practices without adverse effects. Its height should not be 
reduced without first performing additional model studies. 
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4. The decision whether to use a plane or warped transition 
section at the entrance of the San Tomas Greek to the con¬ 
fluence basin must be based on economic considerations. 

Only the hydraulic factors that would influence this decision 
have been presented in this report. 

5. The wall height of the stilling basin should be increased by 
at least a foot—by a foot and a half on the east side if the 
plane walled transition section is used. 

6. The walls of the channel should be lined with riprap for a 
short distance downstream from the transition section below 
the Monroe Street bridge. About two feet of riprap should 
also be placed above the walls of the transition section. 
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2500 cfs Final Design 













Fig. 12 

6400 cfs Original Design 


Fig. 11 

7500 cfs Original Design 
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64 .OO cfs Final Design 
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6400 cfs Final Design 
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